Abstract-The total lipid contents of local sea cucumbers; Holothuria scabra Jaeger, H. leucospilota Brandt, H. atra Jaeger and Stichopus horrens Selenka were determined with the respective results on dry matter basis 0.72%, 1.42%, 0.99% and 1.55%. Meanwhile, the free fatty acids composition for each lipid extract showed all species contained arachidonic acid (C20:4n6) of polyunsaturated fatty acids (PUFA) of which S. horrens being the highest 42.41% followed by H. atra, 24.76%, H. leucospilota, 23.23% and H. scabra, 19.63%. H. scabra, H. leucospilota and H. atra were rich in palmitic acid (C16:0) of saturated fatty acids (SFA); 52.66%, 35.63% and 34.21%, respectively. Myristic acid (C14:0) of SFA was higher in S. horrens (24.36%). However, the fatty acids eicosapentanoic acid (EPA) [C20:5] were very low for all species; H. scabra (1.12%), H. leucospilota (1.34%), H. atra (0.17%) and S. horrens (0.79%). Docosahexanoic acid (DHA) was only detected in S. horrens, i.e. 0.32%. Thus, the results of this study indicated that different species of sea cucumber varies in its lipid content and free fatty acids composition.
I. INTRODUCTION
Studies on nutritional effects of sea cucumber aroused interest when the locals claim that sea cucumbers could facilitate wound healing beside reducing gastric ulcer, inflammation, arthritis, pain, gout, ashtma, eczema, hypergycemia and hypertension [1] . Several retrospective studies supported some of these benefits [2] - [7] . Another promising new research of the potential effects of sea cucumber is its ability in the treatment of cancer. Sea cucumber contains saponin (triterpenoid) compounds that have anticancer properties [8] . Invitro studies showed these compounds inhibited several types of cancer cell growth including CEM-SS T-lymphoblastic cell [8] , four human cancer cell lines; human non-small lung carcinoma (A549), human cervical cancer (C33A), human breast adenocarcinoma (MCF-7) and human esophageal cacinoma (TE1) [9] . Nevertheless, it is believed that lipid contents and their free fatty acids vary among sea cucumber species. Therefore, this study aimed to evaluate the lipid content and its free fatty acids composition of four respective sea cucumber species collected from coastal areas of Malaysia; Holothuria scabra Jaeger, H. leucospilota Brandt, H. atra Jaeger and Stichopus horrens Selenka.
II. MATERIALS AND METHODS

A. Samples Collection
Fresh samples of sea cucumber, H. scabra, H. leucospilota, H. atra and S. horrens were collected from coastal areas of Malaysia with the help of the Lembaga Kemajuan Ikan Malaysia (LKIM). The H. scabra came from Sulu Sea,Sabah while the other three species from the Strait of Malacca, Perak. Both locations are about 1000 Km apart and are within Malaysia. The samples were packed immediately with ice prior sending to the laboratory and kept at -80°C until further extraction.
B. Determination of Total Lipid Content
The sea cucumber lipid was extracted accordingly [10] with slight modification. The sea cucumbers were cleaned and their body walls were homogenized. The extraction process started with the sea cucumber tissues dried in an oven at 70°C until no change in mass was observed. The dried tissues were blended to produce fine powder, weighed before it was dissolved in 200 ml of solvent mixture consisting of 200 ml chloroform and 100 ml methanol (2:1, v/v). The mixture was then shaken in a shaker for 3 h before filtration. The filtrate was collected and the tissue residue was re-homogenized with 200 ml solvent mixture of chloroform and methanol (2:1, v/v) and shaken for another 3 h, then filtered. The filtrate was collected while the final residue was re-homogenized with 200 ml of chloroform and methanol, shaken for another 3 h and filtered. All filtrates were combined and evaporated using a rotary evaporator at 60°C. Finally, the extracts were dried in a fume hood to produce a wax-like substance.
The lipid content ware determined by the given formula:
where: W 1 = sample weight (g) W 2 = extraction cup weight (g) W 3 = extraction cup + residue weight (g)
C. Methylation and GC-MS Analysis of Sea Cucumber
Lipid [11] Fatty acids content of the lipid extracts were determined by methylation. 2 g of each lipid were dissolved in 50 ml of chloroform in a 100 ml volumetric flask, diluted further with chloroform until the mark 100 ml. Next, 1 ml of the solution was transferred into 10 ml capped tube. Under nitrogen (N 2 ) steam, the chloroform was removed until 100 µl (0.1 ml) remained. Later, 1 ml of boron trifluoride methanolic sodium hydroxide (Bf3-CH3OH) was added and the tube was flushed again with N 2 steam and sealed. The tube was heated at 100°C in the water bath for 30 min. 1 ml hexane and 1 ml distilled water were added into the tube which was then shaken vigorously for 2 min by hand. Finally, the hexane layer was removed into a vial for injection and analyzed via on-column GC technique using TurboMass 6890N gas chromatograph (TurboMass, Avondale, USA) equipped with a flame ionization detector (FID). A HP-5 non-polar capillary column (50m x 0.12 x 0.5 mm, SGE, Australia) was used and the temperature was initially kept at 50°C for 2 min and then programmed at 5°C min -1 to 250°C. The injector and detector temperatures were 220°C and 250°C, respectively and helium gas was used as the carrier gas with a flow rate of 1.2 ml min -1 . For identification of fatty acids in sea cucumber lipid, the GC-MS technique using TurboMass 6890N gas chromatograph coupled with a TurboMass 5973N mass selective detector (TurboMass, Avondale, USA) was used. The column and temperature conditions set were similar to that of GC analysis. The fatty acid constituents were recognized by comparing the MS spectrum to a standard library (Wiley Registry of Mass spectral data).
III. RESULTS
The lipid contents in S. horrens, H. leucospilota, H. atra and H. scabra were 1.55%, 1.42%, 0.99% and H. scabra 0.72%, respectively. These results were in line with previous studies in which the total lipid content of most local sea cucumber was less than 2% [12] . According to Tayoma and Tagaki [13] , one main characteristic of sea cucumber is having low content of sterol lipids. However, the content of lipid in sea cucumber change with the season and location of this invertebrate animal.
The fatty acids compositions in 4 different species of sea cucumber were shown in Table I . The main saturated fatty acids (SFA) and polyunsaturated fatty acids (PUFA) found in H. scabra, H. leucospilota, and H. atra were palmitic acid (C16:0) and arachidonic acid (AA) (20:4), respectively. Holothuria scabra was also reported to contain testosterone [14] a hormone based lipid. This hormone is used for sex reversal on goods in which the male is economically more variable than a female, such as certain prawn and fish [15] . For S. horrens, the main SFA was myristic acid (C14:0) while the major PUFA still belong to arachidonic acid.
Holothuria scabra showed the highest percentage of palmitic acid, 52.66% followed by H. leucospilota, 35.63%, H. atra 34.21% and S. horrens being the lowest 11.56%. In contrast to palmitic acid, the highest percentage of arachidonic acid was detected in S. horrens comprising of 42.41%. This was followed by 24.76%, 23.23% and 19.63% of arachidonic acid from H. atra, H. leucospilota and H. scabra, respectively.
Of the four sea cucumber species, myristic acid and palmitoleic acid (C16:1) were found highest in S. horrens where the percentage was 24.36% and 18.97%, respectively. Meanwhile, myristic acid was lowest in H. leucospilota (11.88%) while palmitoleic acid was lowest in H. atra (4.02%). Only small percentage of stearic acid (C18:0) and oleic acid (C18:1) were detected in all species, i.e. less than
Three species contained low amount of linolenic acid (C18:3), i.e. H. scabra, H. leucospilota and S. horrens. Linolenic acid, however, could not be traced in H. atra. Small percentage of EPA [C20:5] comprising of less than 2 % was detected in all 4 species where H. leucospilota being the highest, 1.34% followed by H. scabra, 1.12%, S. horrens, 0.79%. and H. atra being the lowest, 0.17%. There was no docosahexanoic acid (DHA) [C22:6] traced in 3 species, except S. horrens where the composition was only 0.32%. Evidence has proved that higher intakes of EPA and DHA lead to the low incidence of artery coronary heart disease and diabetes mellitus among the Eskimo whose diet consist of fish, seal and whale [1] . EPA is believed to exert its action through prostaglandin inhibition and anti-thrombic activity [16] . Meanwhile, linoleic acid (C18:2) was only found in H. atra, 13.71%.
All four species of sea cucumber studied showed different percentages of saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) as well as polyunsaturated fatty acids (PUFA) [ Table II ]. Saturated fatty acids were found dominated in H. scabra, H. leucospilota and H. atra; 71.26%, 69.57% and 57.04%, respectively. In S. horrens, the highest fatty acids detected were PUFA, 43.86%. All species of sea cucumber studied showed lower amount of MUFA compared to SFA and PUFA. Total MUFA detected in three species, H. scabra, H. leucospilota and H. atra were 7.69%, 5.17% and 4.31%, respectively while total MUFA traced in S. horrens was, 19.84%. 
IV. DISCUSSION
Previous studies have shown that sea cucumber contained bioactive substances that are believed to assist in wound healing and yet to be identified. Since sea cucumber feeds on bottom sediment, it should contain high levels of branched chain fatty acids, believed to be the substances that facilitate in wound repair [17] - [19] . Therefore, the fatty acids composition of sea cucumber in this study, especially PUFA of omega-3 (ω-3) and omega-6 (ω-6) families will be of huge concerned.
In this study, four species of sea cucumber were selected; H. scabra, H. leucospilota, H. atra and S. horrens. All species chosen were commonly found in Malaysia. They are consumable. S. horrens has been recognised to contain substances that assist in wound healing [20] . Its ability to regenerate and heal itself after being cut and return to sea, has triggered the use of this sea cucumber species in wound healing [1] . Besides, its coelomic fluid is high in antioxidant activity [21] . The demand for this species as source of therapeutic agent is, therefore, high.
Of all PUFA, arachidonic acid (ω-6 acid) was the major fatty acids found in all the 4 species. This finding was supported by Svetashev et al. [22] who pointed out that the major fatty acids discovered in almost all species of sea cucumber was arachidonic acid while the total PUFA were higher than total SFA and MUFA [23] . The results obtained supported previous studies. According to Mat Jais et al. [24] , arachidonic acid plays an important role in blood clotting thus serves as wound healing properties. The results also indicate that all the four species have the potential to be used as sources of ω-6 fatty acid in human diet beside for medicinal purposes. However, except for S. horrens, arachidonic acid was found to be lower in all species studied.
Low percentage of EPA (ω-3 acid) was detected in all species and only traced amount of DHA (ω-3 acid) in S. horrens. Even though marine organisms are believed to contain higher EPA and DHA compared to freshwater organisms, the results in our study, however, could not be achieved. Previous study reported that sea cucumber contained high amount of EPA and DHA [25] . The difference could be attributed to locations of sampling and the kind of solvents used for lipid extraction. Holothuria leucospilota collected from Middle East, Iran contained 37.71% of EPA [25] compared to Malaysia, the percentage of EPA was only 0.17%. Most animals could not synthesize longer chain of PUFA. They need these particular fatty acids from phytoplankton and some bacteria and transferred them through the food web [26] , [27] . As explained, sea cucumber feeds on bottom sediments consisting of phytoplankton and bacteria rich in EPA and DHA. The locations of the sea cucumbers taken in this study, Kudat in Sabah and Pangkor Island in Perak could have low composition of phytoplankton and bacteria in their bottom sediments, thus lacked of EPA and DHA.
Fredalina and co-researchers [28] have also pointed out that different solvent extractions resulted in different amount of fatty acids composition in sea cucumber, Stichopus chloronotus. In their study, they found the percentages of EPA and DHA in methanol extracts were 5.83% and 1.20%, respectively. This finding was much lower compared to phosphate buffered saline (PBS) and water extraction methods. EPA in PBS extraction method was 25.60% while DHA in water extraction method was 57.55%. Therefore, the result obtained in our study seemed to validate previous study using the same solvent extraction, methanol. As far as EPA and DHA profiles are concerned, PBS was the best method of extraction in identifying the bioactive fatty acids in sea cucumber that assist in wound healing process [28] .
All species of sea cucumber studied showed low percentages of EPA using methanol solvent for extract of lipid. Except for S. horrens, DHA was not detected in the other three species. However, high level of arachidonic acid in the extracts of all the four species could act as a precursor in the synthesis of EPA [29] .
V. CONCLUSION
Lipid extracts of H. scabra, H. leucospilota, H. atra and S. horrens contained high, but variable amounts of arachidonic acid. However, only small amount of EPA was present in all four species, except DHA which was detected only in S. horrens. Therefore, it could be postulated that different sampling locations, environment factors and kind of solvent extractions play important roles in determining the composition of fatty acids in lipid extracts of sea cucumbers. All species of sea cucumber studied have the potential to be used as a source of omega-6 fatty acids in human diet and for medicinal purposes. Omega-6 fatty acids play important role in blood clotting, thus assist wound healing process.
Although not much omega acid are found in these species of sea cucumber, other edible species need to be determined for their omega acid contents since Malaysian water has more than 50 species of sea cucumbers [1] . Some of the species may be beneficial as source of therapeutic agents. On the other hand, continual studies should be focused on the mechanistic study of the effect of EPA and DHA in sea cucumber lipid on various aspects of wound healing and tissues repair.
